The variability in outcomes after anterior cruciate ligament reconstruction (ACLR) might be related to the criteria that are used to determine athletes' readiness to return to their preinjury activity level. A battery of return-to-activity criteria (RTAC) that emphasize normal knee function and movement symmetry has been instituted to quantitatively determine athletes' readiness to return to preinjury activities.
stability, normal knee function, and limb-to-limb movement symmetry so that athletes can return to their preinjury level of activity and prevent further damage to the knee structures. 11, 12 Although ACLR can restore mechanical stability to the knee, 45, 46 quadriceps strength deficits and functional limitations often continue to persist long after surgery. 15, 27, 31, 34 Additionally, the rate of return to the preinjury activity level is lower than anticipated, and the incidence of secondary ACL injuries is high after ACLR. 5 A successful return to the preinjury activity level and a low incidence of secondary knee injuries after ACLR are desired outcomes; however, such outcomes are currently less than optimal. 16 , 27 Ardern and colleagues 5, 8 reported that 55% of athletes returned to competitive-level sports after surgery, with only one-third of athletes returning to full sports competition at 1 year postoperatively. Athletes are 15 times more likely to experience secondary ACL injuries after ACLR compared with healthy persons. 39 Furthermore, up to 21% of athletes who returned to sports had major functional limitations that could lead to a reduced level of performance. 43 The poor postoperative outcomes highlight concerns over the criteria used to define readiness to return to the preinjury activity level and further point to the absence of a consensual, comprehensive set of return-to-activity criteria (RTAC).
Criteria related to the achievement of mechanical knee stability, minimum quadriceps strength deficits, and time from surgery are frequently used as guidelines to clear patients to return to activities. 6, 20 Barber-Westin and Noyes 9 reported that only 15% of studies use time from surgery along with subjective factors to determine the return to unrestricted sports activities after ACLR. Only 13% of studies reported using objective criteria such as lower extremity muscle strength, limb movement symmetry, knee range of motion, and joint effusion. 9 Recently, a comprehensive battery of RTAC that include both performance-based and patient-reported measures has been instituted to determine a patient's readiness to return to multidirectional activities. 1, 16, 21 The measures include quadriceps strength testing, 4 single-legged hop tests, and 2 patient-reported outcome questionnaires (Knee Outcome Survey-activities of daily living subscale [KOS-ADLS] and global rating scale of perceived function [GRS] ). These RTAC measures emphasize good knee function and normal limb-to-limb movement symmetry. Additionally, the majority of these RTAC measures are sensitive to knee functional changes over time and have the potential to provide therapists with clinically relevant information, including patients' functional deficits and responses to different therapeutic interventions, 16, 34 so as to provide appropriate rehabilitation training.
However, it is currently unknown whether patients demonstrating poor knee functional performance and limb movement asymmetry on RTAC early after surgery will continue to fail RTAC after an extended period of time. Therefore, the purpose of our study was to investigate functional performance and patient-reported outcome measures at 12 and 24 months after ACLR between those patients who passed (score 90%) and those who failed (score \90%) RTAC at 6 months after surgery and to further examine how these measures changed over time.
METHODS
A total of 108 patients who underwent ACLR from an ongoing prospective cohort study were included in this study. All patients were regular participants in International Knee Documentation Committee (IKDC) level 1 or 2 sports activities, 13, 28 which included jumping, cutting, pivoting, and lateral movements for more than 50 hours in the year before their ACL injury. 30 Excluded from the study were patients having a concomitant ligamentous injury, a repairable meniscal injury, full-thickness articular cartilage damage, or a history of serious ipsilateral or contralateral lower extremity injuries (ie, fractures). All study patients underwent the same preoperative rehabilitation program, which included 5 weeks' training of progressive quadriceps strengthening and specific perturbation training as described by Fitzgerald et al. 22 ACLR was performed (mean [6SD] time from injury to surgery, 27.22 6 3.48 weeks) using a soft tissue allograft (n = 69), semitendinosus-gracilis autograft (n = 37), or bone-patellar tendon-bone autograft (n = 2). After surgery, all patients underwent a supervised, progressive postoperative rehabilitation protocol that targeted the early resolution of joint effusion, range of motion deficits, quadriceps strength impairments, and functional limitations. 1 Performance-based and patient-reported data were collected from patients at 6-, 12-, and 24-month follow-ups. This study was approved by the University of Delaware's Institutional Human Subjects Review Board. All patients provided written informed consent for participation in this study.
Although 108 patients were enrolled in the study, complete functional and patient-reported data were only available for 95 patients (63 men, 32 women; mean age, 27.14 6 10.59 years) at 6 months (mean, 6.26 6 0.81 months), 80 patients (51 men, 29 women) at 12 months (mean, 12.44 6 1.13 months), and 60 patients (38 men, 22 women) at 24 months (mean, 25.1 6 4.16 months) postoperatively. Data were unavailable for 13 patients at 6-month, 15 patients at 12-month, and 20 patients at 24-month follow-ups for a variety of reasons (Figure 1 ).
Testing
Performance-Based Measures. Quadriceps strength was measured using a maximal voluntary isometric contraction of the quadriceps muscle with an electromechanical dynamometer (Kin-Com; Chattanooga Group). 44 Patients were seated with the hip and knee flexed to 90°with stabilization at the hip, knee, and ankle ( Figure 2 ). Patients performed 3 practice trials before testing (2 submaximal and 1 maximal effort). During testing, patients were verbally encouraged, and real-time visual feedback from the force dynamometer was used to facilitate a maximal quadriceps muscle contraction. Testing was first completed on the uninvolved limb, followed by the involved limb, with no more than 3 tests being performed on any limb to avoid muscle fatigue. The isometric quadriceps strength index (QI) was calculated by dividing the involved quadriceps muscle force by the uninvolved quadriceps muscle force, multiplied by 100. One patient at 6 months and another patient at 24 months after ACLR did not complete quadriceps strength testing because of patellofemoral pain and a recent ankle fracture, respectively.
Hop performance testing was measured using a series of single-legged hop tests in the following order: single hop, crossover hop, triple hop, and 6-m timed hop ( Figure 3 ). 38 Patients were required to have full knee range of motion, have minimal knee joint effusion, 21 have a QI of 80%, and be pain free while hopping up and down on the involved limb before performing the single-legged hop tests. All hop test data at 6 and 12 months were collected from patients wearing a functional knee brace, while 24-month hop data were collected without a brace. All patients performed 2 practice trials, followed by 2 measurement trials, of each hop test on each lower limb. Hop tests were first completed on the uninvolved limb, followed by the involved limb. Measurement trial results were included if patients maintained balance during landing without touching the ground with the uninvolved foot. Hop performance limb symmetry indices (LSIs) were calculated as the percentage of the average hop distance of the involved limb divided by the average hop distance of the uninvolved limb for each hop test, multiplied by 100. The LSI for the 6-m timed hop was calculated as the percentage of the average time of the involved limb divided by the average time of the uninvolved limb, multiplied by 100. Five patients at the 6-month, 4 patients at the 12-month, and 7 patients at the 24-month follow-ups did not complete the hop tests because of quadriceps weakness (QI \80%) or a recent lower limb injury.
Patient-Reported Measures. After all performance-based testing, patients completed the KOS-ADLS and the GRS. The KOS-ADLS, a 14-item questionnaire, measures patients' perceptions of knee symptoms and functional limitations related to ACLR and how these limitations affect their ability to perform activities of daily living such as walking, ascending and descending stairs, kneeling, sitting, and squatting. 30 The KOS-ADLS has been shown to be a reliable, valid, and responsive measure for assessing knee functional limitations, with a high intraclass coefficient of 0.97 and with test-retest reliability. 30 The KOS-ADLS scores were reported as a percentage of the patient's score divided by the total possible score, multiplied by 100. The GRS, used to assess patients' current knee functional performance, asks patients to rate their current knee function on a scale from 0% (inability to perform any activities) to 100% (level of knee function before injury, including sports activities). It has been reported that the analog GRS has a high test-retest intraclass coefficient of 0.96. 35 Return-to-Activity Criteria. Patients were tested on RTAC at least 3 months after ACLR and when their impairments were resolved. All patients were cleared to begin gradual reintegration into their preinjury activities once they achieved at least 90% on all performance-based and patient-reported measures. Patients who achieved scores of 90% on all RTAC at 6-month follow-up were categorized as the pass group, and those who had scores of \90% on any RTAC were categorized as the fail group. These criteria were used to classify patients as passing or failing RTAC at 6-, 12-, and 24-month follow-up testing. In addition to completing the RTAC testing, patients were asked a yes/ no question about whether they had returned to the same preinjury activity level at the 12-and 24-month follow-ups.
Statistical Analysis
An independent t test was used to determine differences between groups for patient demographics and to compare mean differences of RTAC measures between the pass and fail groups at 6 months after ACLR. A chi-square test was used to determine significant differences between groups in terms of the female/male ratio. If the chi-square test showed a statistically significant difference in the female/ male ratio, an independent t test was used to evaluate whether the difference existed within each group or overall. Likelihood ratios (LHRs) were used to determine the relationship between patients in the pass group at 6-month follow-up and those who continued to pass at 12-and 24-month follow-ups; likewise, LHRs were used to determine the relationship between patients in the fail group at 6 months and those who continued to fail at 12 and 24 months. A 2 3 3 repeated-measures analysis of variance (ANOVA) was used to determine the relationship between groups (pass or fail) and over time (6, 12 , and 24 months) for each RTAC measure. Bonferroni correction was used to adjust for multiple comparisons. Univariate ANOVA was used to determine whether the pass and fail groups demonstrated significant improvement between various follow-up time points. All data were analyzed with SPSS 20.0 (IBM Corp), with a significance level of .05 set a priori.
RESULTS
Ninety-five patients completed the 6-month, 80 patients completed the 12-month, and 60 patients completed the 24-month follow-up testing protocols ( Figure 1 ). Six months after ACLR, there were 48 patients (50.5%) in the pass group (mean time to pass, 6.41 6 2.69 months) and 47 patients (49.5%) in the fail group. There was no difference in age or body mass index (BMI) between patients in the pass and fail groups at 6-month follow-up (P . .05). However, the percentage of women to men was significantly different between the groups, with more men in the pass group than women (chi-square test, P = .03). Post hoc testing showed that the number of women was significantly lower in the pass group (P \ .001), and the number of men was significantly higher than the number of women in the study overall (P \ .001) ( Table 1) .
At 12 months after ACLR, the rate of return to the preinjury activity level in the pass group (81.1%; 30 patients) was significantly higher than that in the fail group (44.2%; 19 patients) (P = .002). At 24 months after ACLR, the rate of return to the preinjury activity level in the pass group (84.4%; 27 patients) was also significantly higher than that in the fail group (46.4%; 13 patients) (P = .012).
Patients in the pass group performed significantly better than those in the fail group on all measures except the KOS-ADLS (P = .37) at 6-month follow-up (Table 1) . There were 15 patients who completed the 6-month but did not complete the 12-month testing protocol. When their data were compared with those who completed the 12-month testing session, there were no significant differences for sex, graft type, pass/fail ratio, age, or BMI (P . .16). However, there were significant differences in the LSIs for the crossover hop (P = .01), triple hop (P = .049), and 6-m timed hop (P = .03), with patients who did not complete the 12-month testing session demonstrating higher performance. 
Likelihood Ratios
At 12-month follow-up, 80 patients completed the testing session; of these, 31 patients in the pass group at 6 months passed the RTAC again at 12 months after ACLR (Table 2 ). In addition, 15 patients in the fail group at 6 months passed the RTAC at 12 months after ACLR. Table 3 summarizes the reasons that these 15 patients failed at 6-month follow-up. In comparison, 23 patients in the fail group at the 6-month time point failed again at 12 months, and 11 patients who passed at 6 months failed at 12 months ( Table 2 ). The reasons for failure in these 11 patients at 12 months after ACLR are indicated in Table 4 .
Sixty patients completed follow-up testing at the 24-month follow-up. Of these, 25 patients in the pass group at 6 months passed again at 24 months, and 14 patients in the fail group at 6 months passed at 24 months (Table  5 ). The reasons for failure in these 14 patients are indicated in Table 6 . In comparison, 13 patients who failed at 6 months failed again at 24 months, and 8 patients who passed at 6 months failed at 24 months (Table 5 ). Table 7 shows the reasons that these 8 patients failed at 24-month follow-up.
The positive LHRs for patients who passed RTAC at 6 months after ACLR to pass again at 12 and 24 months were 2.08 and 1.68, respectively, and the negative LHRs for those who failed RTAC at 6 months to fail again at 12 and 24 months were 2.07 and 1.72, respectively (P \ .05) ( Tables 2 and 5 ). The positive LHRs for patients who failed at 6 months to pass at 12 and 24 months were 0.48 and 0.59, respectively (P \ .05), and the negative LHRs for those who passed at 6 months to fail at 12 and 24 months were 0.48 and 0.57, respectively (P \ .05).
Functional Performance Changes Over Time
The pass group scored higher than the fail group on all outcome measures at all follow-up testing sessions after ACLR, with the exception of the KOS-ADLS in which both groups had similar scores at all follow-up testing sessions. A significant group 3 time interaction was found for the single hop (P = .006) and 6-m timed hop (P = .037) LSIs, with the fail group demonstrating a larger improvement specifically between the 6-and 12-month follow-ups compared with the pass group. A significant main effect of group was detected for the QI and the crossover hop and triple hop LSIs (P \ .01). A main effect of time was detected for the crossover hop LSI, triple hop LSI, and GRS (P \ .05).
Performance-Based Measures
Isometric Quadriceps Strength Index. A significant main effect of group was found for the QI (P \ .01). The QI was significantly different between the groups at 6 (P \ .001), 12 (P \ .001), and 24 months (P = .04) after ACLR (Figure 4) .
Hop Performance LSI. A significant group 3 time interaction was found for the single hop (P = .006) and 6-m timed hop (P = .037) LSIs ( Figure 5, A and B) . In addition, a significant main effect of group and main effect of time were found for the crossover hop LSI (P \ .05). The crossover hop LSI was significantly different between the pass and fail groups only at 6-month follow-up (P = .01). Both the pass and fail groups significantly improved their crossover hop LSI over time (P \ .05) ( Figure 5C ). A significant main effect of group and main effect of time were found for the triple hop LSI (P \ .05). The triple hop LSI was significantly different between the groups at 6 months (P = .001) and 12 months (P = .02) after ACLR. Both groups significantly improved in the triple hop LSI over time (P \ .05) ( Figure 5D ).
Patient-Reported Measures
Both the pass and fail groups had similar scores on the KOS-ADLS at all follow-up testing times (P . .05). Neither group improved their KOS-ADLS scores significantly between the follow-up times (P . .05) ( Figure 6A) .
A main effect of time was detected for the GRS (P \ .05). The GRS was significantly different between the pass and fail groups only at 6-month follow-up (P \ .001). The GRS score improved significantly in the fail group between 6 and 12 months (P = .04) and between 6 and 24 months (P = .01), while in the pass group, it improved significantly between 6 and 24 months after ACLR (P = .03) ( Figure 6B ). The greatest improvement in the GRS score in the fail group was achieved between the 6-and 12-month follow-ups.
DISCUSSION
The purpose of this study was to investigate performancebased and patient-reported measures at 12 and 24 months after ACLR between patients who passed or failed the RTAC at 6 months and to further investigate how their functional performance and patient-reported measures changed over time. The rate of returning to the preinjury activity level at 12 and 24 months after surgery was higher in the pass group. More than half of the patients in the fail group did not return to their preinjury activity level because of residual functional deficits. However, almost one-half of the patients in the fail group participated in preinjury activities at 12 and 24 months after ACLR by their own choice, without being cleared by their therapists. This may have, in part, influenced the results of this study and affected the effectiveness of the RTAC to identify those who can return to their preinjury activity level after ACLR based on their functional performance. The results of this study show that the pass group achieved higher knee performance-based and patient-reported scores early after ACLR compared with the fail group and continued to maintain higher knee function up to 24-month follow-up. Patients in the fail group improved their outcomes between the 6-and 12-month follow-up testing sessions and continued to improve at the 24-month follow-up session. The results of this study indicate that about 81% and 84% of patients who passed the RTAC at 6 months after ACLR returned to their preinjury activity level at 12 and 24 months after ACLR. These rates are higher than what has been reported by other studies, 5, 8 and they most likely result from using robust RTAC to determine patients' readiness to return to preinjury activity levels. Our RTAC were able to identify about 55% of those patients with poor functional performance who failed the testing sessions and did not return to their preinjury activity level. About 45% of the fail group reported that they had returned to the same preinjury activity level at both 12 and 24 months after surgery; however, these patients were not cleared to return by their rehabilitation team. Additionally, these patients were instructed to participate in a training program for 4 to 5 weeks to address their functional deficits and to be scheduled for another RTAC testing session. However, they chose to return to activities on their own volition. This development may highlight how important returning to preinjury activities is for patients after ACLR. Those patients who failed the RTAC and returned to participate at the same preinjury activity level may have a higher risk for secondary injuries. A recent study reported that athletes who returned to professional sports without meeting a set of clinical discharge criteria possess a 4-times greater risk of ACL graft ruptures compared with those who met all the criteria. 26, 32 Our strict RTAC of passing all 7 performance-based and patient-reported measures were used to evaluate patients' self-reported knee function and limb-to-limb movement symmetry. At 6-month follow-up, only half of the patients demonstrated normal quadriceps strength and hop performance LSIs and scored 90% on patient-reported measures. The total percentage of patients who passed RTAC at 6 months increased at both 12 and 24 months, and patients in the pass group at 6 months were 2 times more likely to pass again at 12 and 24 months compared with those in the fail group. In comparison, the total percentage of patients who failed RTAC at 6 months after surgery continued to be within the same range at 12 and 24 months. Patients in the fail group at 6 months were 2.07 and 1.72 times more likely to fail again at 12 and 24 months, respectively, compared with those in the pass group. The results of this study reveal that patients demonstrating normal quadriceps strength and hop limb-to-limb symmetry as well as good self-reported knee function at 6 months after ACLR are more likely to exhibit normal functional performance-based and patient-reported knee function at 12 and 24 months. By comparison, patients demonstrating quadriceps strength deficits, hop limb-to-limb asymmetry, and poor self-reported knee function at 6 months after surgery are more likely to demonstrate similar performance-based and self-reported knee function at 12 and 24 months. Previous studies by Di Stasi and colleagues 16 and Hartigan and colleagues 27 reported similar results to our study, with nearly half of the patients passing RTAC at 6 months postoperatively. A study by Logerstedt and colleagues 34 indicated that patients improved between baseline and 6-month follow-up after ACLR and continued to improve from 6 to 12 months after surgery; however, the authors only reported the percentage of patients who achieved 90% on individual outcome measures and not as collective criteria.
Patients who still demonstrate limb-to-limb asymmetry after ACLR are a main concern to clinicians, as they may have a lower likelihood to return to their preinjury activity level and may be at a higher risk for secondary ACL injuries. 40 This study's results highlight the usefulness of the RTAC in identifying patients who are more susceptible to persistent, poor knee function and limb-to-limb asymmetry postoperatively and compel clinicians to consider individualized, extended treatment programs.
The results of this study showed that the fail group improved their functional performance on several outcome measures. This improvement, however, did not result in all patients passing RTAC measures, as 60.5% (23/38) and 48.1% (13/27) of patients continued to fail again on the criteria at 12 and 24 months, respectively. In contrast, a select number of patients who failed the RTAC at 6 months were able to pass at 12 and 24 months after surgery. Patients who failed RTAC at 6 months after surgery were 0.48 and 0.59 times more likely to pass at 12 and 24 months, respectively, compared with those who passed at 6 months after surgery. These results suggest that patients who failed the RTAC at 6 months after ACLR are 50% more likely to pass the RTAC by restoring normal knee functional performance and limb-to-limb movement symmetry at 12 and 24 months after ACLR compared with those who passed at 6 months after surgery. Many of the patients who failed at the 6-month time point scored \90% on 1 or 2 RTAC measures. In fact, the majority of patients passed the RTAC at 12 and 24 months postoperatively because of improvement in quadriceps strength. Therefore, these patients had a high potential to pass the RTAC, especially if they continued to participate in an extended training program. Disappointingly, the study also showed that patients who passed the RTAC at 6 months were 0.48 and 0.57 times more likely to fail at 12 or 24 months, respectively. Those who failed the RTAC demonstrated a quadriceps strength deficit in the involved limb of .10% compared with the uninvolved limb. Underlying quadriceps strength deficits in the reconstructed limb may contribute to poor hop performance, as patients with quadriceps weakness hop more slowly and for shorter distances on hop tests. Additionally, patients may have failed the RTAC at the 12-and 24-month time points because of poor functional performance on hop tests, recent lower extremity injuries, or low scores on patient-reported measures (mainly the GRS). These patients may have failed the RTAC at the 12-and 24-month sessions because they chose to stop participation in functional or sports activities. The results of this study showed that about 20% and 15% of the patients who passed RTAC did not return to the same preinjury activity level at 12 and 24 months after ACLR, respectively. Patients may have also failed the RTAC because of changes in lifestyle, less opportunity to participate in activities, or fear of sustaining further injuries. 17, 29 Additionally, the study population included mainly students who may have graduated or moved to another school or for work. These factors may have affected the reported rates of return to the preinjury activity level among groups and the ability to evaluate the effectiveness of the RTAC in identifying those patients who can return to their preinjury activity level after ACLR. A lack of confidence in the knee joint, being psychologically unready, and a fear of reinjuries have been reported as factors for not returning to the preinjury activity level. 3, 4 These factors may also account for the poor functional performance during functional testing. Our RTAC, however, do not account for psychological readiness and fear of reinjuries during the decision-making process to determine patients' readiness to return to their preinjury activity level. Future studies may account for the psychological aspects of injuries and reconstruction surgery as part of the RTAC.
The data in this study were reported for both the pass and fail groups using the group means but not the individual score of each patient on each RTAC measure. Therefore, while the reported group means are 90% on 1 RTAC measure, this does not necessarily indicate that the patients in the fail group passed RTAC. In this study, patients were classified in the fail group if they scored \90% on any one of the RTAC measures. Quadriceps strength deficits and single-legged hop performance limbto-limb asymmetries are prevalent after an ACL injury and can persist after ACLR. 7, 40 The presence of limb-to-limb asymmetry after ACLR can affect lower extremity performance, especially during participation in vigorous activities such as competitive interactions with opponents and being in less controlled environments. 7, 19, 40 Consequently, limb-to-limb asymmetry may predispose patients to reinjuries and lead to the initiation and progression of osteoarthritis in the knee joint. 37, 40 Kinematic and kinetic asymmetries are linked to the development of knee osteoarthritis and predisposed factors for a second ACL injury. 2, 40 Patients with limb-tolimb asymmetry may overuse the uninjured limb, resulting in overuse injuries to that limb, or may underuse the injured limb because of a lack of confidence. 2 Further work is needed to evaluate whether patients who fail RTAC and who demonstrate poor knee function and limb movement asymmetry will have a higher incidence of second ACL injuries in the short and long term after reconstruction surgery compared with those with normal knee function and limb movement symmetry. Additional studies are needed to determine whether patients who fail RTAC will develop radiological signs of knee osteoarthritis after ACLR compared with patients with normal knee function and movement symmetry.
A significant group 3 time interaction was only found for the single hop and 6-m timed hop LSIs; however, patients in both the pass and fail groups improved in quadriceps strength, crossover hop and triple hop LSIs, and the GRS score over time. The improvements between 6-, 12-, and 24-month follow-ups most likely resulted from patient participation in both functional and athletic activities that included repetitive running, jumping, landing, and turning movements. By contrast, results of the KOS-ADLS show that patients in both groups did not change over time; this is not surprising in light of the KOS-ADLS asking about basic daily living activities performed by most patients without difficulty at the time of follow-up testing.
A pattern of improvement on some outcome measures was seen for the fail group after ACLR; the majority of those patients achieved the greatest improvement between the 6-and 12-month follow-ups. This improvement can be explained by the fact that patients in the fail group initially scored lower on performance-based tests and patient-reported knee function measures at 6 months postoperatively. Therefore, they had more potential for improvement compared with patients in the pass group, who did not show nearly the degree of improvement as a result of less room for improvement on outcome measures of interest. A study using the same RTAC after ACLR reported that 50% of athletes demonstrated normal knee function and limb movement symmetry on RTAC at 6 months and more than 75% at 1 year after ACLR. 27 Returning to the preinjury activity level is multifactorial. 8 Therefore, the decision to determine patients' readiness to return to preinjury activities was based on their performance on a comprehensive set of RTAC that required a modest time commitment from the therapists and patients. The RTAC included multiple measures that are able to assess different aspects of knee function and physical performance. Logerstedt and colleagues 33 used the IKDC 2000 as a simple and quick tool to discriminate between those who passed and failed the same RTAC after ACLR. The findings of the Logerstedt et al 33 study revealed that scoring low on the IKDC 2000 is an indication of failing the RTAC. However, scoring high on the IKDC 2000 does not indicate passing the RTAC. 29 Patients who score high on the IKDC can be tested with the RTAC to determine their functional deficits. Furthermore, this can help modify the rehabilitation program to provide an appropriate intervention to address functional deficits. This may highlight the importance of using comprehensive criteria to determine patients' readiness to return to preinjury activities. The comprehensiveness of the RTAC provides clinicians with crucial information about patients' impairments and functional deficits. The results of the current study show that most of the patients from the fail group failed the RTAC because they demonstrated quadriceps strength weakness and poor performance on the single hop test. Quadriceps weakness is a major impairment after ACLR, affecting patient performance during functional activities. 27, 31 Failing the single hop might be related to the order of the single-legged hop tests instead of only the challenge of the test itself. In the current study, we started testing the patients' hop performance with the single hop. Therefore, administering the single hop as the first hop test might have affected the performance of the patients. Patients may have performed poorly on the single hop because they felt anxiety or lacked confidence with hopping on the reconstructed limb. The single-legged hop tests have been used as screening tests to discriminate patients with dynamic knee stability from those with dynamic knee instability early after an ACL injury for nonsurgical management. 18, 23 Eastlack and colleagues 18 reported that the crossover hop was the only predictive measure of the single-legged hop tests that discriminated patients with dynamic knee stability from those with dynamic knee instability after an acute ACL injury. Despite this finding, these authors suggested that all 4 hop tests be performed as part of the screening, as the order of performing the hop tests may have an effect on which of the tests might be the predictive measure. 18 The results of the current study identify those measures that patients continue to fail after ACLR. This, in turn, helps clinicians to address these patients' functional limitations by providing an appropriate intervention. In light of our study results, those patients planning to return to their preinjury activities but who fail to restore limb-to-limb symmetry might need to participate in an extended rehabilitation program. Clinicians might consider the administration of an extended training program that includes intensive quadriceps strengthening, agility drills, and plyometric training to ensure the restoration of limb-to-limb symmetry before reintegration into vigorous activities. If, however, patients still exhibit limb-to-limb asymmetry after participating in an extended rehabilitation program, they might need to be advised to change from or modify their activities to less high-risk activities.
Our RTAC were developed to assess patients' dynamic knee stability, as knee instability is a major issue after an ACL injury and ACLR. The RTAC also were developed to assess the presence of impairments and functional deficits that are commonly reported after ACLR such as quadriceps weakness, functional performance deficits, aberrant biomechanics, and neuromuscular dysfunction. 15, 27, 31, 34, 41 Our RTAC encompass both performance-based and patientreported measures that provide testing conditions that replicate the demand of sports activities. Therefore, the criteria permit us to assess limb-to-limb movement symmetry and capture any functional deficits that need to be addressed by providing an appropriate intervention. Some of these criteria were used as part of the decision-making process to select potential candidates for nonsurgical management after ACL ruptures. 23 Additionally, these same RTAC were effective measures to identify those athletes who successfully returned to high-level activities after ACL injuries without undergoing reconstruction surgery. 21 The proposed cutoff values to determine normal functional performance and limb-to-limb symmetry range from 70% to 90%. 10, 24, 42 A 90% cutoff value was used for our criteria to ensure that the patients achieved normal functional performance and limb-to-limb symmetry and that they were not favoring one limb over the other. Based on the work of Fitzgerald and colleagues, 21 all successful patients who returned to highlevel activities with no reconstruction surgery scored, on average, 90% on the RTAC measures.
Although we used the time basis approach in the study design for follow-up testing, which is a limitation of the study, the group factor used in the analysis was based on classifying the patients on a criterion basis (ie, pass and fail). Therefore, the results of this study suggest testing patients on an individual basis using performance-based and patient-reported measures rather than using only time-based criteria as a guideline to determine patients' readiness to return to preinjury activities. In addition, testing patients on a regular basis using a battery of tests after rehabilitation is seen to be a preferred method to assess knee functional performance and limb-to-limb movement symmetry and to identify patients with a high risk for further knee injuries.
Limitations
The study population was limited to patients who had participated in IKDC level 1 or 2 sports activities and underwent ACLR. Therefore, these findings cannot be generalized to patients participating in less demanding activities or to those with an ACL rupture who chose to be managed nonoperatively. In this study, we used the 6-month time point after ACLR as baseline testing instead of using time to pass the RTAC, with the reason being that passing RTAC varied among patients. In addition, there were patients who dropped out from the study and did not return to the follow-up testing sessions. Some of the patients dropped out from the study because of scholastic transition, as a majority of the study's population were college students who moved away after finishing college or for work. College students represented a large percentage of the eligible patients in this study, and this may have caused transfer bias. Therefore, we cannot determine, based on the data of this study, whether those patients who were followed up are representative of those who were not. Additional reasons were related to changes in lifestyle, lower opportunity to participate in activities, fear of sustaining another knee injury, or socioeconomic status. 7 In this study, few patients sustained either graft tears or other lower extremity injuries. Additionally, while patients who failed the RTAC were advised not to return to their preinjury activity level until they resolved their functional deficits, a large number of patients in the fail group did return to participate in the same preinjury activity level at 12 and 24 months after ACLR by their own choice. This in turn may have, at least in part, affected the rates of return to the same preinjury activity level between the groups.
CONCLUSION
The findings of this study revealed that patients who passed the RTAC early after ACLR were more likely to demonstrate normal knee function and movement symmetry at 12 and 24 months after ACLR. In comparison, patients who failed the RTAC at 6 months after ACLR were more likely to demonstrate impaired knee function and limb-to-limb movement asymmetry at 12 and 24 months after ACLR. Additionally, up to 81% and 84% of patients who passed the RTAC returned to the same preinjury activity level at 12-and 24-month follow-ups, respectively. More than half of the patients who failed the RTAC did not return to the same preinjury activity level at 12 and 24 months after ACLR. A group of patients who failed the RTAC chose to return to their preinjury activities, even though they were functionally not ready. The majority of the patients in the fail group did improve knee performance, limb-to-limb symmetry, and patient-reported measures during the first year after ACLR. Although a subgroup of the fail group passed RTAC testing, this improvement did not allow some to pass. Using a battery of RTAC that include performance-based and patientreported measures can help to identify patients with limbto-limb asymmetry and therefore could be utilized in a rehabilitation setting to identify these persistent dysfunctions.
